The two model yeasts, the fission yeast Schizosaccharomyces pombe and the budding yeast Saccharomyces cerevisiae, have strikingly similar signaling modules, with highly homologous components, that control late events of the cell cycle. These modules are known as the septation initiation network (SIN) and mitotic exit network (MEN), respectively. As its name suggests, the MEN of budding yeast controls exit from mitosis; orthologues of MEN components in fission yeast, the SIN components, control septum formation during cytokinesis. MEN signal transduction ultimately results in the activation of the dual-specificity protein phosphatase Cdc14p, which promotes exit from mitosis by dephosphorylating downstream mitotic targets. Interestingly, recently published work on the Cdc14 homologue in S. pombe, Clp1p/Flp1p, challenges the generality of this concept.
Cdc14p was first described in the budding yeast. At the restrictive temperature, temperature-sensitive cdc14 mutants arrest in late anaphase with a 2N DNA content, segregated chromosomes and long spindles, a phenotype virtually identical to that of a variety of late mitotic mutants, such as cdc15, cdc5, tem1 and dbf2 [1, 2] . Cdc14p seems, however, to be at the bottom of the signaling cascade, as overproduction of wild-type Cdc14p bypasses the requirement for the rest of the MEN components [1, 2] .
So what is Cdc14p's essential role in mitosis? The cell cycle is driven by oscillations in activity of cyclin-dependent kinases (Cdks). Entry into mitosis is promoted by association of Cdks with mitotic cyclins, while exit from mitosis requires cyclin destruction and Cdk inactivation. Budding yeast use two mechanisms to achieve Cdk inactivation during mitotic exit: one involves direct proteolytic destruction of cyclins, and the other direct binding of Cdk by its inhibitor Sic1p. Cdc14-deficient cells arrest with high levels of the mitotic cyclin Clb2p and low levels of Sic1p [1] , indicating that Cdc14 insufficiency affects both Cdk inactivation pathways.
It has been suggested that Cdc14p dephosphorylates Cdh1p/Hct1p, a regulatory subunit of the ubiquitin ligase known as the anaphase-promoting complex (APC), thereby promoting APC activity towards late mitotic targets, such as the cyclin Clb2p [1] . Cdc14p also induces Sic1p accumulation by dephosphorylating and activating the transcription factor Swi5p, which turns on transcription of the SIC1 gene, and also by removing the phosphate groups from Sic1p itself, thereby stabilizing this protein [1] .
But how is Cdc14p itself regulated? A current view is that Cdc14p is kept inactive in the nucleolus for most of the cell cycle as a part of the high-molecular weight 'regulator of nucleolar silencing and telophase' or RENT complex, being released from its storage place only in late mitosis. This mode of regulation thus uses both spatial and temporal controls over Cdc14p enzymatic activity. The RENT complex was discovered by Shou et al. [3] who found that a mutation in the nucleolar protein Net1p suppresses the lethality of tem1 temperature-sensitive mutant, indicating that Net1p is a negative regulator of mitotic exit. Shou et al. [3] showed that Net1p, which is weakly related to a protein phosphatase I regulatory subunit, directly binds Cdc14p and inhibits its phosphatase activity. Visintin et al. [4] independently identified the same protein in a yeast two-hybrid screen for proteins that interact with Cdc14p.
Net1p/Cfi1p is absolutely required for anchoring Cdc14p in the nucleolus: Net1p/Cfi1p deficiency leads to mislocalization of Cdc14p throughout the nucleus and cytoplasm. The cell-cycle dependent release of Cdc14p from its nucleolar complex is tightly controlled by MEN proteins such as Cdc15p, Cdc5p, Dbf2/20p, Tem1p and Lte1p [3, 4] . Cdc14p is not released from the nucleolus in MEN mutants, leading to late anaphase arrest, while deletion of NET1/CFI1 in MEN mutant background overrides this mitotic exit block [4] . A major function of MEN thus seems to be to allow the release of Cdc14p from the nucleolar RENT complex. MEN signaling itself is activated when the spindle-pole body localized GTPase Tem1p encounters its exchange factor Lte1p, asymmetrically localized to the cortex of the bud, upon passage of the spindle through the bud neck [5, 6] . This mechanism ensures that Cdc14p release from the nucleolus, and subsequent exit from mitosis, can occur only after segregation of the genetic material.
While elegant work has led to the beautiful hypothesis described above, one must still keep in mind that budding yeast cell division is rather unusual. Because of an intrinsic asymmetry between the mother and daughter cells, and a necessity to cram a set of chromosomes through the narrow bud neck, progression of a budding yeast cell through mitosis may have to be delayed until proper spindle orientation occurs. Most other eukaryotes divide by medial fission and orient the spindle first, forming the constricting actomyosin ring either in parallel or later, and subsequently adding membranes to the site of cell division. Perhaps because of this inherent difference in cell physiology, the Cdc14-like protein Clp1p/Flp1p seems to play a rather distinct role in cell cycle progression in the fission yeast S. pombe.
There is a single homologue of Cdc14p in fission yeast, which has been named Clp1p and Flp1p by McCollum's and Simanis' groups, respectively [7, 8] . Unlike the case with its S. cerevisiae counterpart, clp1/flp1 deleted cells are viable, although they exhibit certain defects in septum formation. This fact alone means that Clp1p/Flp1p does not have an essential function in mitotic exit. Indeed, it does not promote proteolytic degradation of the B-type cyclin Cdc13p through the dephosphorylation of APC regulatory subunit(s), nor does it participate in the accumulation of the Cdk inhibitor Rum1p [7, 8] . Instead, the prominent feature of Clp1p/Flp1p deficient cells is that they are advanced into mitosis, dividing at a reduced cell length, with the so-called 'semi-wee' phenotype [7, 8] .
As the S. pombe Cdk Cdc2p has to be activated for entry into mitosis, it seems plausible that Clp1p/Flp1p indeed functions to antagonize Cdc2p, thereby operating as a mitotic inhibitor. In line with this view, overexpression of wild-type, but not phosphatase-dead, Clp1p/Flp1p leads to a Wee1p-dependent cell-cycle block in G2 phase [7, 8] . Clp1p/Flp1p may counter Cdc2p activity by indirectly preventing removal of the inhibitory phosphate on residue tyrosine 15 of Cdc2p.
Like S. cerevisiae Cdc14p, Clp1p/Flp1p is largely sequestered into the nucleolus during interphase, except that some of it is also detected at the spindle pole body (SPB). Unlike its S. cerevisiae homologue, however, Clp1p/Flp1p is released from the nucleolus very early in mitosis, in a SIN-independent manner, dispersing through the nucleus and cytoplasm and being notably enriched on both SPBs, along the spindle and on the medial actomyosin ring. This medial localization persists until ring constriction and disappears only after septum deposition. Interestingly, even though SIN is not required for release of Clp1p/Flp1p from the nucleolus, SIN signaling must cease in order to allow Clp1p/Flp1p relocalization into the nucleolus at the end of mitosis [7, 8] .
Clp1p/Flp1p deficiency in fission yeast shows negative genetic interactions with mutations of the SIN pathway [7, 8] . Also, the activation of SIN by overproduction of Spg1p results in fewer multi-septated cells in a clp1/flp1 deleted strain than in wild type. Overproduction of Clp1p/Flp1p does not, however, rescue lethal phenotypes of all SIN mutants tested, indicating that activation of Clp1p/Flp1p is not the sole raison d'être of the SIN pathway [8] .
As SIN function is dependent on Cdc2p being inactive [9] , and SIN is absolutely essential for cell division [10] , fission yeast cells use a checkpoint mechanism to ensure that, if cytokinesis is delayed, SIN inactivation by Cdc2p is prevented until cytokinesis is complete. This block in nuclear division is relieved by inactivation of either Wee1p -a kinase that adds an inhibitory phosphate to Cdc2p -or the SIN [11, 12] . Interestingly, deletion of clp1/flp1 also alleviates the cytokinesis checkpoint, allowing cells with failed cytokinesis to enter the next round of mitosis [7, 8] . It is worth mentioning that, in checkpoint-blocked cells, Clp1p/Flp1p is not sequestered into the nucleolus, in spite of the interphase state of the cells; instead, it is distributed evenly throughout the cell [7] . The appealing possibility would be that, in this case, Clp1p/Flp1p inhibits Cdc2p activity in order to maintain the checkpoint.
Taken together, the available data indicate that, unlike its budding yeast counterpart, Clp1p/Flp1p does not participate in mitotic exit events, instead it provides a link between cytokinesis and the next round of mitosis. As Clp1p/Flp1p is not essential, and its overproduction does not overcome SIN mutant block, there must be other pathways downstream of SIN signaling. Furthermore, Clp1p/Flp1p is not an indispensable effector of SIN, although apparently it does participate in SIN signaling in some way. Obviously, identification of Clp1p/Flp1p targets would greatly improve our understanding of its function.
As most animal cells are similar to fission yeast in using a binary fission mode of division, one can envisage that Cdc14p-related phosphatases in animal cells might coordinate the cytokinesis events with the entry into the next mitosis, in a similar manner to S. pombe Clp1p/Flp1p. In this case, nature would again prove to be prudent and rational by adapting the same signaling modules to the distinct needs of different organisms. An interesting corollary is that animal cells that undergo asymmetric division, such as neuroblasts and muscle progenitors, might use Cdc14p-like proteins for mitotic exit. The resolution of this question will surely be exciting.
